1. Introduction {#sec0005}
===============

Adrenal haemorrhage (AH), in the presence or absence of a pre-existing adrenal mass, is a rare condition with a reported incidence of 0.1--1.1 % in autopsies. \[[@bib0005]\] AH can be asymptomatic and revealed incidentally in a CT scan or severe with signs of cardiovascular instability \[[@bib0010]\]. The duration of haemorrhage and the amount of adrenal tissue that is compromised can affect clinical presentation \[[@bib0015]\]. If not diagnosed early, AH can be fatal due to adrenal insufficiency, which is evident when 90 % or more of the adrenal gland is damaged \[[@bib0020]\]. Adrenal haemorrhage may occur either spontaneously or in the presence of blunt abdominal trauma. AH has been associated with systemic conditions like sepsis, stress, pregnancy, bleeding disorders, anticoagulant therapy, antiphospholipid syndrome, where it is usually bilateral \[[@bib0010],[@bib0025]\]. Unilateral AH can be associated with trauma, abdominal surgery and adrenal tumors \[[@bib0015],[@bib0030]\]. Underlying adrenal tumors associated with AH usually are: pheochromocytoma, myelolipoma, adrenal pseudocyst, adrenocortical carcinoma and adrenal metastases \[[@bib0005],[@bib0025],[@bib0035]\]. In this case series we report on 13 patients that presented in the emergency department with acute abdominal and/or flank pain and were subsequently diagnosed with haemorrhage from an adrenal mass.

2. Presentation of cases {#sec0010}
========================

Data was collected prospectively from 13 adult patients that were referred to the surgical department of our institution from July 2010 to July 2019. Ethical approval for this study was granted upon evaluation by the Scientific Committee of our institution. The data was recorded in accordance to the PROCESS guidelines (research registry number: 5180) \[[@bib0040]\]. Written consent was obtained from all patients. Patients with adrenal haemorrhage in the absence of an adrenal mass were not included in this study. Haemodynamic monitoring and CT were performed in all patients during the initial presentation of the symptoms. Patients underwent full adrenal function testing to determine whether the adrenal tumor was functional or not. Adrenal hormonal investigation included: serum cortisol, adrenocorticotropic hormone (ACTH), dehydroepiandrosterone sulphate (DHEAS), renin, aldosterone, aldosterone/renin ratio, 24 h urinary cortisol secretion, serum cortisol and ACTH after dexamethasone suppression test, urinary secretion of metanephrines. \[[@bib0045]\]

Our group included 13 patients; 76.9 % male patients (n = 10) and 23.1 % female patients (n = 3) with an average age of 60.7 years ([Table 1](#tbl0005){ref-type="table"}). One patient (case No 1) was referred to our department due to severe abdominal pain after a motor vehicle collision and after imaging revealed a bleeding right retroperitoneal mass. Upon further investigation, this patient was revealed to have a history of untreated congenital adrenal hyperplasia.Table 1Patient Characteristics.Table 1PatientAge/SexMechanismPresentationPathologyTreatmentNo 126/MTraumaticAcute Abdominal painCongenital adrenal hyperplasiaConservative managementNo 263/MSpontaneousIncidentaloma hemorrhage on CTNone definitveLaparoscopic right adrenalectomyNo 365/FSpontaneousIncidentaloma hemorrhage on CTNone definitveLaparoscopic right adrenalectomyNo 456/MSpontaneousIncidentaloma hemorrhage on CTNone definitiveLaparoscopic right adrenalectomyNo 559/FSpontaneousPheochromocytomaNone definitiveLaparoscopic left adrenalectomyNo 658/MSpontaneousAcute abdominal painMetastatic lung cancerPalliativeNo 756/MSpontaneousAcute abdominal painMetastatic lung cancerPalliativeNo 869/MSpontaneousAcute abdominal painMetastatic lung cancerOpen right adrenalectomyNo 963/MSpontaneousAcute abdominal pain -- Hemorrhagic shockMetastatic gastric cancerOpen right adrenalectomy and subtotal gastrectomyNo 1067/FSpontaneousAcute abdominal painBenign adenomaLaparoscopic right adrenalectomyNo 1155/MSpontaneousAcute Abdominal PainBenign AdenomaOpen right adrenalectomyNo 1265/MSpontaneousAcute Abdominal PainCystOpen right adrenalectomy and nephrectomyNo 1382/MSpontaneousAcute Abdominal PainMalignancy of unknown originPalliative

The following 12 patients had spontaneous AH in the absence of recent abdominal trauma. Three patients (No 2--4) were referred for elective surgery of a pre-existing adrenal incidentaloma (tumor size \>4 cm in all 3 cases) which demonstrated signs of hemorrhage on routine CT imaging and one for elective surgery of a mass with a preoperative diagnosis of pheochromocytoma (No 5). In these four aforementioned cases no definitive pathological diagnosis was obtained.

Eight patients (No 6--13) presented with acute abdominal and/or flank pain and sought immediate medical care. In 3 cases (No 6--8) spontaneous bleeding was attributed to adrenal metastasis from lung cancer ([Fig. 1](#fig0005){ref-type="fig"}) and patients were initially managed conservatively for the AH and were later referred to the oncology department for evaluation and treatment. Another patient (No 9) also presented with AH which was attributed to adrenal metastasis from gastric cancer. In this case AH was initially managed conservatively and was referred to the oncology department. The patient declined further treatment and following her discharge she was re-admitted 2 weeks afterwards with severe haemorrhagic shock and had to undergo emergency exploratory laparotomy. In 2 cases, spontaneous bleeding occurred in a known adrenal incidentaloma (No 10 and 11) presenting as acute abdominal pain. The first patient underwent laparoscopic right adrenalectomy as previously described \[[@bib0050]\] while the second patient (No 11) had a conversion to open procedure due to a high clinical suspicion of malignancy. One patient (No 12) presented with spontaneous AH and CT revealed a large mass ([Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}). After undergoing a full endocrinological work-up and due to continuous haemodynamic instability (transfusion of 4 units of pRBC per day) and size of the adrenal mass, the patient underwent prompt open right adrenalectomy and nephrectomy. Pathology report revealed an adrenal cyst.Fig. 1Abdominal CT scan demonstrating a large retroperitoneal mass that was ultimately identified as a metastasis due to lung cancer.Fig. 1Fig. 2Abdominal CT scan demonstrating the presence of a large right adrenal cyst.Fig. 2Fig. 3Surgical specimen after excision of the adrenal cyst and concurrent nephrectomy.Fig. 3

3. Discussion {#sec0015}
=============

Regarding the management of haemorrhage from adrenal tumors the literature is not conclusive. Without adequate preoperative and intraoperative adrenal blockade and vasodilatation in patients with pheochromocytoma, surgery can lead to uncontrollable secretion of catecholamines and severe cardiovascular instability \[[@bib0045]\]. In patients with a previously undiagnosed adrenal mass and associated AH, emergency intervention should be reserved for the cases with persistent haemodynamic instability. These interventions may involve urgent surgical resection or angioembolisation of the adrenal artery \[[@bib0020],[@bib0055]\].

In our case series, prompt or emergency surgery was reserved for patients with life threatening hemodynamic instability (No 9 and No 12). The rest of the patients after initial haemodynamic stabilization and full work-up, including hormonal evaluation, were either managed conservatively or scheduled for elective surgery as seen on [Table 1](#tbl0005){ref-type="table"}.

In a review of 133 reported cases of spontaneous AH with associated masses conducted by Marti et al. the most common tumor was pheochromocytoma (n = 64, 48 %) followed by other malignant lesions primary or metastatic (n = 27, 20 %) \[[@bib0025]\]. In our case series one patient had a pheochromocytoma associated with AH (9 %). On the other hand, 36 % (n = 4) of the adrenal masses with AH were metastases from lung (n = 3) and gastric cancer (n = 1), thus suggesting that thoracic CT and gastroscopy may be necessary in patient evaluation for possible metastatic disease. Primary cancers that may metastasize to the adrenal glands are: lung cancer (non-small cell lung cancer), gastric cancer, melanoma, renal cell cancer and others \[[@bib0025]\]. Furthermore, 53.8 % (n = 7) of our cases of spontaneous AH were associated with benign adrenal masses and an adrenal cyst (as either indicated by pre-operative evaluation or final pathology report). This difference regarding the frequency of the underlying pathology between our case series and the review by Marti et al., could be attributed to the fact that due to wider use of CT imaging studies nowadays incidentalomas have become a more common finding. The decision to proceed to surgery in the five cases of adrenal incidentalomas (No 2--4, 10 and 11) was based upon CT imaging characteristics and tumor size \>4 cm that raised clinical suspicion of malignancy.

4. Conclusions {#sec0020}
==============

Acute abdominal and/or flank pain is the most prevalent symptom in spontaneous and traumatic haemorrhage of adrenal masses. Most cases can be managed conservatively upon presentation which will permit a full diagnostic evaluation of the patient. Metastatic disease and benign adrenal adenomas are a common cause of this condition. Whenever possible, emergency surgery should be avoided. A full diagnostic work-up will dictate the possible need for surgical intervention.
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